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METHOD AND APPARATUS FOR
CONTROLLING DRIVING FORCE OF
VEHICLE

BACKGROUND OF THE INVENTION

a) Field of the Invention

The present mnvention relates to apparatus and method for
controlling a driving force for a vehicle. The present inven-
tion particularly relates to control apparatus and method 1n
which an engine (output) torque is controlled in such a
manner that the engine torque provides a driver’s demanding
torque 1n accordance with a driver’s intention (accelerator
operation situation) when no driving force control is
executed, the engine torque provides a target engine torque
derived from a predetermined driving force control when the
driving force control 1s executed and which have improved
reliabilities of control.

10on of the Related Art

It 1s well known that, 1n a case where excessive slip occurs
on drive wheels during a vehicular acceleration, an opening
angle of an engine throttle valve 1s not determined in a direct
accordance with a manipulation of an acceleration by a
vehicular driver but a traction control 1s executed such that
the opening angle of the throttle valve and/or the number of
engine cylinders to which an air-fuel mixture fuel supply 1s
cut off 1s controlled on a basis of a target engine output
torque which 1s derived so that the slip 1s suppressed and the
driving force 1s stably transmitted on a road surface. The

traction control system described above 1s normally abbre-
viated as TCS.

In addition to an engine controller which 1s enabled to
adjust over an engine driving force to adjustably increase or
decrease the openmg angle of the throttle valve and the
number of engine cylinders for which the fuel supply out-oft
1s carried out, a TCS controller 1s provided. The TCS
controller determines a slip condition of drive wheels on the
basis of a difference 1 road wheel velocities between the
drive wheels and non-drive wheels, executes the driving
force control in a case where the slip condition 1s excessively
large, calculates an appropriate opening angle of the engine
throttle valve such as to enable the suppression of the
excessive slip, and outputs a signal representing the calcu-
lated opening angle of the throttle valve to an engine
(output) controller.

b) Descrip

SUMMARY OF THE INVENTION

The engine controller compares the opening angle of the
throttle valve to achieve the driver’s demanding torque in
accordance with the accelerator manipulation by the driver
and that supplied from the TCS controller to achieve a target
engine torque, select either one of these opening angle
values which 1s smaller than the other (viz., either one which
provides a smaller engine torque and, so-called, a select-
low), and adjusts the actual opening angle of the throttle
valve on the basis of the selected opening angle of the
throttle valve.

As described above, the engine controller can prevent the
engine torque from becoming excessively large to develop
an excessive wheel slip, when the smaller value of either the
driver’s demanding torque or the target engine torque sup-
plied from the TCS controller.

Furthermore, another TCS controller has been proposed
in which, 1n a case where the slip condition of the drive
wheels 1s not determined to be excessive (during the non-
execution of the driving force), a maximum value is out-
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putted as a signal representing the opening angle of the
throttle valve. In other words, even 1f the value of the signal
representing the opening angle of the throttle valve provides
the maximum value, the selection method of the select-low
has been adopted 1n the engine controller so that the opening
angle of the engine throttle valve is selected which 1s 1n
accordance with the driver’s demanding torque. Therefore,
the engine driving force will not becomes excessive irre-
spectlve of the accelerator manipulation by the vehicular
driver, durmg the non-execution of the driving force since
the opening angle of the throttle valve 1n accordance with the
driver’s demanding torque.

It 1s assured that 1f the above-described selection method
(select-low) is adopted in the engine controller to which the
output signal from the TCS controller 1s supplied, the
excessive torque of the engine can be prevented and a
possibility of generating the excessive slip during the

vehicular acceleration can be reduced.

However, the inventor has discovered according to the
inventor’s research that the selection method of the select-
low 1s inconvenient for the driving forces control. That 1s to
say, the select-low method always selects either one of these
signals which 1s smaller than the other. In details, if the
driver’s demanding torque 1s larger than the target engine
torque supplied from the TCS controller, the target engine
torque 1s selected. On the contrary, if the target engine torque
1s larger than the driver’s demanding torque, the driver’s
demanding torque 1s selected. Hence, 1n a case where it 1s
necessary to output a large engine torque than the driver’s
demanding torque as the result of the calculation for the
driving force control, the select-low method cannot cope
with this case.

Therefore, 1t becomes necessary to select the signal used
in the engine controller in response to another signal (a
driving force control request signal) supplied from the TCS
controller, not through the select-low method described
above, In details, such a control structure may be considered
that when the TCS controller executes the driving force
control, the driving force control request signal having a
logical value of “1” 1s generated and when the TCS con-
troller does not execute the driving force control, the driving
force control request signal having the logical value of “0”
1s generated. Then, the engine controller selects the driver’s
demanding torque in accordance with the vehicular driver’s
demanding (accelerator manipulation) when the driving
force control request signal 1s at the logical value of “0” and
selects the target engine torque supplied from the TCS
controller when the driving force control request signal 1s at
the logical value of “1”.

If the above-described control structure 1s adopted, the
selection of the signal within the engine controller can be
controlled at the TCS controller side. Therefore, such as
inconvenience as the case where the select-low method 1s
adopted can be eliminated. However, since the receipt and
transmission of the signal are carried out between the TCS
controller and engine controller via harness, there 1s a
possibility that the logical value of the driving force control
request signal 1s reversed due to surrounding noises.

If the logical value of the driving force control request
signal were reversed during the non-execution of the driving
force, the engine controller would select the target engine
torque supplied from the TCS controller and the driving
force of the engine would be controlled according to the
value set as the 1nstantancous target engine torque.

It 1s, hence, an object of the present invention to provide
apparatus and method for controlling an engine driving force
for a vehicle.
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The above-described object can be achieved by providing,
a driving force controlling apparatus for a vehicle, compris-
ing: a driver’s demanding torque setting device that sets a
torque that a vehicular driver 1s demanding: a slip condition
detector to detect a slip condition of vehicular road wheels;
a target engine torque setting device that sets a target engine
torque 1n accordance with the slip condition; a driving force
control execution determining section that determines
whether the driving force control should be executed in
accordance with the slip condition; and an engine output
torque determining section that gives a determination of an
output torque developed by an engine of the vehicle on the
basis of the driver’s demanding torque and the target engine
torque, the engine output torque determining section deter-
mining the engine output torque 1 accordance with the
driver’s demanding torque when the driving force control
execution determining section negates the determination
that the driving force control should be executed.

The above-described object can also be achieved by
providing a driving force controlling method for a vehicle,
comprising: setting a torque that a vehicular drier 1s demand-
ing; detection a slip condition of vehicular road wheels;
setting a target engine torque 1n accordance with the slip
condition; determining whether the driving force control
should be executed 1n accordance with the slip condition;
and giving a determination of an output torque developed by
an engine of the vehicle on the basis of the driver’s demand-
ing torque and the target engine torque, wherein, at the
engine output torque determining step, the engine output
torque 1s determined to be 1n accordance with the driver’s
demanding torque when, at the driving force control execu-
fion determining step, the determination that the driving
force control should be executed 1s negated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a schematic functional block diagram or a
driving force controlling apparatus in a preferred embodi-
ment according to the present invention;

FIG. 1B 1s a schematic circuit block diagram of a TCS
controller shown 1n FIG. 1A.

FIG. 2 1s an operational flowchart executed 1n the TCS
controller shown in FIGS. 1A and 1B.

FIGS. 3A and 3B are mtegrally a waveform chart repre-
senting an average value and a target value of road wheel
velocity V, and V,,, a drier ’s demanding torque signal T,
and a target engine torque signal T, for explaining an
operation of the driving force controlling apparatus 1n the

preferred embodiment shown 1n FIGS. 1A and 1B.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Reference will heremafter be made to the drawings in
order to facilitate a better understanding of the present
invention.

FIGS. 1A through 3B show a preferred embodiment of a

driving force controlling apparatus according to the present
invention.

The driving force controlling apparatus in the preferred
embodiment shown 1n FIG. 1A 1s applicable to an automo-
tive vehicle 1 in which a TCS (Traction Control System) and
a VDC (Vehicle Dynamic Control System) are mounted.

As shown 1 FIG. 1A, the vehicle 1 1s a, so-called, FF
(Front-Engine-Front-Drive) vehicle in which a driving force
of the engine 2 1s transmitted to front road wheels W, and
W . as drive wheels and rear left and right road wheels W,
and W, are non-driven wheels.
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An electronically controlled throttle valve 4 are inter-
posed 1n an 1ntake air passage 3 of the engine 2. An opening
angle of the throttle valve 4 1s controlled 1n response to a
throttle opening angle control signal SC supplied from an
engine controller 10. In addition, a number of cylinders by
which an air-mixture fuel supply 1s cutofl from among a
plurality of cylinders of the engine 2 are controlled in
response to a fuel cut-off control signal FC supplied from the
engine controller 10.

The vehicle 1 includes an accelerating manipulation sen-
sor 5 to detect a manipulated variable (viz., a depression
depth) of an accelerator pedal by a vehicular driver and to
output an accelerator opening angle signal AC representing
the depression depth of the accelerator pedal; and road
wheel velocity sensors 7FL, 7FR, 7RL, and 7RR to detect
respective road wheel velocities VWEFL, VwWFR, VwRI, and
VwRR of front left and right road wheels W, W,., W, |
and W,.

On the other hand, the engine controller 10 generally
includes a microcomputer having a CPU (Central Processing
Unit), a RAM (Random Access Memory), a ROM (Read
Only Memory), an Input Port, an Output Port, and a com-
mon bus. A functional structure of the engine controller 10
1s shown 1n FIG. 1A. However, the functional structure of
the engine controller 10 shown 1 FIG. 1A 1s related to only
that essential to the preferred embodiment.

The engine controller 10 functionally includes a driver’s
demanding torque calculating section 11. The driver’s
demanding torque calculating section 11 receives the accel-
erator opening angle signal Ac. The driver’s demanding
torque calculating section 11 calculates a driver’s demand-
ing torque T, 1n accordance with the driver’s mtention on
the basis of the accelerator opening angle signal Ac and
outputs a signal (a driver’s demanding torque signal) and
outputs the T, representing the calculated driver’s demand-
Ing torque.

The driver’s demanding torque signal T,, 1s supplied to
one 1nput end of a first switching section 12. An output end
of the switching section 12 1s connected to an mnput end of
a control output calculating section 13. The control output
calculating section 13 derives the opening angle of the
throttle valve 4 and the number of cylinders for which the
fuel supply cut-off 1s carried out required to achieve the
engine torque represented by the signal supplied from the
switching section 13, generates a throttle control signal SC
and the fuel cut-off control signal FC corresponding to the
throttle opening angle and to the number of the cylinders for
which the fuel supply cut-off 1s executed, and outputs the
respective signals SC and FC to the throttle valve 4 and the
engine 2.

In this embodiment, 1n addition to the engine controller
10, a TCS controller 20 and a VDC controller 30 are
installed. The TCS controller 20 generally includes a micro-
computer having the CPU, RAM, ROM, 1/0 Ports, and the

common bus as shown 1n FIG. 1B.

The VDC controller 30 includes the microcomputer hav-
ing the same hardware structure as the TCS controller 20.

The TCS controller 20 includes a target road wheel
velocity calculating section 21 that receives the road wheel
velocity signals V., and V., from the road wheel
velocity sensors 7,; and 75, for the rear road wheels W,
and Wy, as the non-driven wheels, calculates are average
value of the road wheel velocities V,,,; and V,,,» and
multiples the average value, for example, by a predeter-
mined constant to derive a target road wheel velocity V, of
the drive wheels W, and W ,; an average value calculating
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section 22 that receives the road wheel velocity signals
Vi and V... from the road wheel velocity sensors 7.,
and 7, for the front left and right road wheels W, and W, -
as the drive wheels; and a slip rate calculating section 23 that
calculates a slip rate S on the front road wheels W, and
W, with respect to an 1deal road wheel velocity.

Furthermore, the TCS controller 20 includes a target
engine torque calculating section 24 that calculates a target
engine torque Tc on the basis of the slip rate S and outputs
a signal representing the target engine torque Tc (a target

engine torque signal). The target engine torque calculating
section 24 includes a calculator to calculate an absolute

value of the slip rate S and a comparator to calculate an
absolute value [S| of the slip rate S with a predetermined
threshold value S* (<0) so as to determine whether the
absolute value |S| of the slip rate is in excess of the
predetermined threshold value S*. The predetermined
threshold value S* 1s a value above which the slip rate of the
front left and right road wheels W, and W ., 1s consider-

ably excessive.

If |S|=S*, the target engine torque calculating section 24
zeros the target engine torque Tc. If |[S|>S*, the target engine
torque calculating section 24 calculates and outputs the
target engine torque Tc which 1s appropriate to suppress the
excessive slip.

The target engine torque signal Tc 1s supplied to one input
end of a second switching section 25 within the TCS
controller 20 and an output end of the second switching
section 25 1s connected to the other mnput end of the second
switching section 12 of the engine controller 10 via an
interface circuit and a hardness.

The target engine torque calculating section 24 deter-
mines that the driving force control 1s not executed 1n a case
where the slip rate S 1s not 1n excess of the predetermined
threshold value S* and generates and outputs a driving force
control request signal D having the logical value of “0”. It
IS|>S*, the target engine torque calculating section 24 deter-
mines that the driving force control should be executed and
generates and outputs the drive force control request signal
D having the logical value of “1”.

The driving force control request signal D 1s supplied to
the second switching section 25 within the controller 20 and
supplied to the first switching section 12 with the engine
controller 10 via the interface circuit and/or the harness. The
switching state of the first and second switching sections 12
and 25 are controlled 1n response to the state of the driving
force control request signal D.

It 1s noted that the driver’s demanding torque signal T,
outputted from the driver’s demanding torque calculating
section 11 within the engine controller 10 1s supplied to the
other mput end of the second switching section 25 via the
interface circuit and the harness.

The switching operation of each of the first and second
switching sections 12 and 25 based on the driving force
control request signal D will be described below.

That 1s to say, when the driving force control request
signal D is at a logical value of “1” (during the execution of
the driving force control), the first switching section 12
selects one (the output of the TCS controller 20 ) of the
output signals of the second switching section 25 which 1s
inputted thereto (viz., the state of switching as shown in FIG.
1A with the bold line). The second switching section 25
selects the mput side at which the target engine torque signal
Tc is inputted (viz., the state of switching as shown in FIG.
1A).

On the other hand, when the driving force control request
signal D is at the logical value of “0” (during the non-

10

15

20

25

30

35

40

45

50

55

60

65

6

execution of the driving force control ), the first switching
section 12 selects one of the two mput ends to which the
driver’s demanding torque signal T, 1s mputted (a state in
the reverse state to that shown 1n FIG. 1A, viz., a dot line
denoting portion) so that the second switching section 285
selects one of the input ends thereof which 1s derived from
the engine controller 10 (the reversed state to FIG. 1A, viz.,
a movable contact to which the output and of the driver’s

demanding torque calculating section 11 is connected (the
reversed state shown in FIG. 1A).

On the other hand, the VDC controller 30 receives the
respective road wheel velocity signals VwFL through
VwRR, a steering angular displacement detection signal O
from a steering angle sensor (not shown), a yaw rate
detection signal v from a yaw rate sensor to detect a yaw rate
(yaw velocity) of the vehicle body; and a lateral acceleration
detection signal o from a lateral acceleration sensor to detect
a lateral acceleration or the vehicle body, respectively.

The VDC controller 30 calculates a target yaw rate on the
basis of each signal mputted thereto, derives a target value
of the road wheel velocity for each road wheel, outputs the
control signal to an electromagnetic valve of wheel cylinders
for each road wheel, and outputs a correction signal C for the

target road wheel velocity calculating section 21.

The target road wheel velocity calculating section 21 1s
responsive to the incoming correction signal C to correct the
target road wheel velocity V, on the basis of the correction
signal C. That 1s to say, the target road wheel velocity
calculating section 21 generates a post-correction target road
wheel velocity V, with the original target road wheel
velocity derived on the basis of the road wheel velocity
signals V., and V.- on the non-driven wheels by
increasing or decreasing the original target wheel velocity
V, by a value corresponding to the correction signal C. In
details, since the original target vehicular velocity V,, 1s
derived on the basis of the road wheel velocities V.., and
Vs on the non-drive wheels, the original target road
wheel velocity V, 1s merely a target road wheel velocity on
the drive wheels to make the slip condition most appropriate.

Whereas, the VDC controller 30 derives the target road
wheel velocity of each road wheel for obtaining desired
whole vehicle behavior. However, the original target road
wheel velocity V, 1s corrected with the correction signal C
so that the target road wheel velocity V, 1s derived in which
the target road wheel velocity V,, to control the slip condi-
tion. Then, the slip rate S on the basis of the final target road
wheel velocity 1s dertved and the target engine torque Ic 1s
derived. Hence, the target engine torque Tc 1s the integrated
value of the target engine torque to control the slip condition
and that to control the vehicular posture.

Next, on operation of the apparatus for controlling the
driving force for a vehicle will be described below.

FIG. 2 1s an operational tlowchart representing a concept
of processing executed 1n the TCS controller 20.

FIGS. 3A and 3B are wavelorm charts for explaining a
variation 1n each signal described above.

At step 101, the CPU of the TCS controller 20 reads the
respective road wheel velocity signals Vi, Vivers Viver
and Vi,nn. At step 102, the TCS controller 20 reads the
correction signal C from DVC controller 30. At step 103, the
TCS controller 20 calculates the average value V, and the
target road wheel velocity V. At step 104, the TCS con-
troller 20 calculates the slip rate S on the basis of the average
value V, and the target road wheel velocity V,. Then, the
routine goes to step 1035.

At step 1085, the TCS controller 20 compares the absolute
value of the slip rate S with the predetermined threshold
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value S¥* so as to determine if the absolute value [S| of the
slip rate S 1s 1n excess of the predetermined threashold value
S8. If the TCS controller 20 determines that [S|<s* (Yes) at
step 105, the routine goes to step 106. At the step 106, the
driving force request signal D 1s set to “1”. Then, the routine
coes to stop 107. At step 107, the TCS controller 20
calculates the target engine torque Tc on the basis of the slip
rate S. Then, the routine goes to step 108. At step 108, the
TCS controller 20 outputs the driving force request signal D
and the target engine torque signal Tc.

In this case, as the target engine torque signal Tc, the
target engine torque Tc 1s outputted which 1s calculated at
step 107. After step 108, the present routine of FIG. 2 1s
ended.

On the other hand, 1f the TCS controller 20 determines
that the absolute value of the slip rate [S| is equal to or
smaller than the predetermined threshold value S* (No), the
routine goes to step 109 to set the driving force control
request signal D to “0”, and the routine goes to step 110. At
step 110, the TCS controller 20 reads the driver’s demanding
torque signal T, supplied from the engine controller 10.
Then, the routine goes to step 111 1n which the driver’s
demanding torque signal T, 1s assigned to the target engine
torque signal Tc (To=T},). Then, the routine goes to step 108.
In this case, when executing the process of step 108, the
driver’s demanding torque signal T, 1s actually outputted as
the target engine torque signal Tc.

Next, the whole operation shown 1 FIG. 1A will be
described with reference to FIGS. 3A and 3B.

Suppose that, at a ttme point of t . shown 1n FIGS. 3A and
3B, the vehicle 1 1s started to raise a vehicular velocity
oradually and the average value V, of the wheel velocities
of the drive wheels 1s 1 excess of the target road wheel
velocity V, at a time point t,. At this time, since, during a
time interval (time interval A in FIG. 3B) from the time point
t, to the time point t,, the determination at the step 105 of
FIG. 2 indicates No. Therefore, the driver’s demanding
torque signal T, 1s outputted as the target engine torque
signal Tc. In other words, the target engine torque Ic
denoted by the solid line at the time 1nterval or A in FIG. 3B

1s varied together the driver’s demanding torque T, denoted
by a dot line 1n FIG. 3A.

Since, during the time interval of A, the driving force
control request signal D 1s turned to “07, the switching
section 12 of the engine controller 10 1s 1n its reversed state
to FIG. 1A (to a position as denoted by the dot line in FIG.
1A). The driver’s demanding torque signal T, is directly
supplied to the control output calculating section 13 so that
the throttle control signal SC and the fuel supply out-off
control signal FC are generated and outputted.

Theretfore, the opening angle of the throttle valve 4 and
the number of cylinders by which the fuel supply 1s cut off
arc adjusted to a state 1 accordance with the driver’s
intention and the vehicle 1 1s continued to be accelerated.

After the time point t, 1s passed, the average value V, 1s
in excess of the target road wheel velocity V,. Hence, since
the slip rate S 1s gradually increased, the determination at the
step 105 1ndicates “Yes™ at a certain time point after the time
point t, so that the process at the step 107 1s executed to
calculate the target engine torque Tc. In details, as denoted
by a time interval B shown 1n FIG. 3B, the target engine
torque Tc indicates a value different from the driver’s
demanding torque T

At an 1mitial part of time 1n the time 1nterval B, the target
engine torque TC goes negatively (the engine brake is
effected) to suppress the excessive slip at its earlier stage of
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time. The average value V, become a value smaller than the
target road wheel velocity V, 1n a relatively short time
interval, as shown 1n the time interval of B in FIG. 3A.

Then, before the average value V, 1s excessively smaller
than the target road wheel velocity V,, the target engine
torque Tc 1s recovered. Thereafter, the average value V,
becomes approximately equal to the target read wheel veloc-
ity V.

When it reaches to a time point t,, the VDC control 1is
started. As shown 1n a time interval C 1n FIG. 3A, the target
road wheel velocity V _ 1s corrected so as to be decreased. At
this time, along with the decrease in the target road wheel
velocity V,,, the slip rate S 1s increased.

Upon receipt of the mcrease 1n the slip rate S, the target
torque Tc 1s decreased.

Along with the decrease n the target engine torque Tc, the
average value V, 1s decreased to become substantially equal
to the target road wheel velocity V_, as shown by an
intermediate portion of the time interval C shown 1 FIG.
3A. Thereafter, the target engine torque Ic 1s again increased
to become slightly larger than zero.

When 1t reaches to a time point t; and at this time the
vehicle driver, 1n turn, pulls the accelerator pedal from the
depression direction to a release direction (the opening angle
of the accelerator is reduced), the driver’s demanding torque
T, 1s decreased as shown by a first part of the time interval
D 1n FIG. 3B. Then, as a result of an elimination of the
correction signal C according to the end of the VDC control,

the target road wheel velocity V, 1s again enlarged as shown
by a first part of the time interval D 1n FIG. 3A.

Since the driver holds the state of the accelerator opening
angle at a time point at which the engine torque 1s approxi-
mately zeroed, the driver’s demanding torque T, (as
denoted by a dot line in FIG. 3B) indicates generally a
parallel to a zero level (0) with a small plus separation state

from the zero level as shown at generally a center position
of the time interval D 1 FIG. 3B.

Furthermore, as shown at a later half portion of the time
interval D 1 FIG. 3B, since the driver returns again the
opening angle of the accelerator to the release direction, the
driver’s demanding torque T, 1s largely decreased. It 1is
noted that since both the TDC control and the VDC control
are stopped immediately after the passage of the time point
t, at the time interval D in FIG. 3B, the target engine torque
Tc 1s varied together with the driver’s demanding torque T ,.

The driver’s demanding torque T, 1s largely decreased so
that the opening angle of the throttle valve and the number
of fuel out-off cylinders are accordingly adjusted. At this
fime, a large engine braking abruptly occurs. Hence, this
results 1n a large deceleration of the vehicle. At this time, 1f
the deceleration were excessively large, there would be
possibility for the vehicular behavior to be undersirable.

To prevent this undesirable vehicular behavior, the VDC
control 1s re-opened. As shown at the time interval D 1n FIG.
3A, the target road wheel velocity V,, 1s gradually decreased
in the road wheel velocities VWRL and wVwRR of the
non-drive wheels abruptly drops to a lower value at a time
point t, and, thereafter, 1s held at a value higher than the
average value V,.

Hence, as shown at a time interval E of FIG. 3B, the target
engine torque Tc 1s negatively larger than zero at an initial
time of the time 1nterval E, 1s exponentially reduced toward
zero, and settled at a negatively small value along the zero
level which does not generate the excessive engine braking.
On the other hand, the driver’s demanding torque T, gives
constantly a negatively large value along the time interval E.
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At a time point after the time point t,, the absolute value
of the clip rate S becomes large and the determination at the
step 105 indicates Yes and the driving force control request
signal D 1s set to “1”. The engine controller 10 selects the
target engine torque signal Tc to execute the control over the
driving force. The engine torque 1s recovered. As shown by
the time 1nterval E of FIG. 3A, the average value V, 1s once
raised and, thereafter, 1s reduced gradually.

As described above, 1n the embodiment, the engine con-
troller 10 does not adopt the select-low method as described
in the SUMMARY OF THE INVENTION but adopts the
selection of the signal from among those signals inputted to
the control output calculating section 13 in accordance with
the driving force control request signal D. Hence, 1n a case
where 1t becomes necessary to 1ncrease the driving force as
shown by the time interval E in FIGS. 3A and 3B, the engine
controller 10 can respond to this demand without failure.

Since, 1n the preferred embodiment, the driver’s demand-
ing torque T, 1s outputted as the target engine torque signal
Tc when the driving force control 1s not executed, a more
reliability can be increased. In other words, since only the
driver’s demanding torque T, 1s required during the non-
execution of the driving force control (the time interval A
and the time interval D 1n FIGS. 3A and 3B), the target
engine torque signal Tc 1s theoretically unnecessary which 1s
supplied from the TCS controller 20 to the engine controller
10. However, 1 the actual practice, the TCS controller 30
and the engine controller 10 have separate microcomputers
and both controllers 20 and 10 are connected electrically to
cach other via the interface circuit and harness. Hence, there
1s a possibility that the level of the driving force control
request signal D due to the noise interference and the
switched state of the first switching section 12 is changed
although it 1s 1n a very short period of time. It 1s noted that
the second switching section 25 1s achieved by a program-
ming 1n the TCS controller 20 together with the target engine
torque calculating section 24 generating the driving force
control request signal D, an unintentional switching thereot
due to the noise interference would not be made.

If the unintentional switching occurs 1n the first switching,
section 12, the control output calculating section 13 receives
the target engine torque Tc. However, if so, the second
switching section 25 1s the reversed state to that shown in
FIG. 1A. Therefore, the control output calculating section 13
1s at least supplied with the driver’s request torque signal T,
so that such a situation that the engine torque which does not
meet with the intention of the driver in spite of the non-
execution of the driving force 1s avoided from occurring and
the reliability can accordingly be improved.

It may be considered that the second switching section 25
1s provided so that the first switching section 12 can be
omitted and the output end of the second switching section
25 may directly be supplied to the control output calculating,
section 18. However, 1f so, the driver’s demanding torque T,
would always be supplied to the control output calculating
section 13 via the TCS controller 20. Accordingly, a delay 1n
control might occur. Therefore, the structure as shown 1n the
preferred embodiment 1s desirable.

In the preferred embodiment, the accelerator manipula-
tion (opening angle) sensor 5 and the driver’s demanding
torque calculating section 11 corresponds to the driver’s
demanding torque signal generating means.

The target road wheel velocity calculating section 21, the
average value calculating section 22, the slip rate calculating
section 24, the second switching section 25, and the steps

101 through 105, 107, 110, and 111 correspond to target
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engine torque signal generating means, the target engine
torque calculating section 24 and the steps 105, 106, and 109
corresponding to driving force control request signal gen-
erating section, the first switching section 12 corresponds to
signal selecting means, and the control output calculating
section 13 corresponds to engine torque controlling section.

In the above-described embodiment, as the driver’s
request torque signal, the driver’s request torque itself 1s
used. Together with the driver’s demanding torque, the
proper target engine torque 1s used as the target engine
torque signal representating the target engine torque.
However, the driver’s demanding torque and the target
engine torque may be represented by the throttle opening
angle or the number of the cylinders for which the fuel
supply out-off 1s carried out. These throttle valve opening or
the number of fuel cut-off cylinders may be used to com-
municate between the controllers 10 and 20 as the driver’s
demanding signal and the target engine torque signal.

In the preferred embodiment, the VDC controller 30 1s
provided. However, 1n place of the VDC controller 30 an
anti-lock brake system (so-called, ABS) controller may be
installed to correct the target road wheel velocity VO
according to the output of the ABS controller. Or

alternatively, the ABS controller may be installed together
with the VDC controller 30.

The entire contents of a Japanese Patent Application No.
Heisei 11-017534 (filed in Japan on Jan. 26, 1999) are herein
incorporated by reference.

Although the present invention has been described above
by reference to certain embodiments of the present
invention, the present invention 1s not limited to the embodi-
ments described above.

Modifications and variations of the embodiments
described above will occur to those skilled 1n the art, 1n the
light of the above teachings. The scope of the present
invention 1s defined with reference to the following claims.

What 1s claimed 1s:

1. A drniving force controlling apparatus for a vehicle,
comprising:

a driver’s demanding torque setting device that sets a

torque that a vehicular driver 1s demanding;

a slip condition detector to detect a slip condition of
vehicular road wheels;

a target engine torque setting device that sets a target
engine torque 1 accordance with the slip condition;

a driving force control execution determining section that
determines whether the driving force control of should
be executed 1n accordance with the slip condition; and
an engine output torque determining section that gives
a determination of an output torque developed by an
engine of the vehicle on the basis of the driver’s
demanding torque and the target engine torque, the
target engine torque setting device outputting a value of
the target engine torque to which the driver’s demand-
ing torque 1s assigned when no driving force control 1s
determined to be executed.

2. A driving force controlling apparatus for a vehicle as
claimed 1n claim 1, wherein the engine output torque deter-
mining section further includes a selecting section that
selects one or both of the driver’s demanding torque and the
target engine torque and the engine output torque determin-
ing section determines the engine output torque according to
the selected one of the driver’s demanding torque and the
target engine torque.

3. A driving force controlling apparatus for a vehicle as
claimed 1n claim 1, wherein the target engine torque indi-
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cates an integrated value of a first target engine torque to
control the slip condition of the road wheels and a second
target engine torque to control a vehicle posture.

4. A driving force controlling apparatus for a vehicle as
claimed 1 claim 3, wheremn the slip controller detector
includes a plurality of road wheel velocity sensors to detect
road wheel velocities of respective road wheels; a target road
wheel velocity calculating section that calculates a target
road wheel velocity V,, on drive wheels on the basis of the
road wheel velocities; an average value calculating section
that calculates an average value V, of the road heel veloci-
ties on the non-drive wheels; and a subtractor to subtract the
average value V, from the target wheel velocity V, to derive
a slip rate S.

5. A driving force controlling apparatus for a vehicle as
claimed in claam 4, wherein the driving forces control
determining section mcludes an absolute value calculator to
calculated as absolute value |S| of the slip rate; a comparator
to compare the absolute value [S| of the slip rate with a
predetermined threshold value S* to determine whether the
absolute value |S| is in excess of the predetermined threshold
value; and a driving force control request signal generator to
generate and output a driving force control request signal D
having a logical value of “1” when the comparator deter-
mines that the absolute value of [S| is in excess of the
predetermined threshold value S* and having a logical value
of “0” when the absolute value thercof [S| is equal to or
smaller than the predetermined threshold value S*.

6. A driving force controlling apparatus for a vehicle as
claimed 1n claim 5, wherein the selecting section includes a
first switching section having a first input end connected to
the driver’s demanding torque setting device to receive the
driver’s demanding torque T,,, a second 1nput end thereot
connected to an output end of a second switching section to
receive elther the driver’s demanding torque T, from the
driver’s demanding torque setting device or the target engine
torque from the target engine torque setting device, and an
output end connected to the engine output torque detecting
section, the first switching section being driven to connect
the output end thereof with one of the first and second 1nput
ends depending on the logical value of the driving force
control request signal.

7. A driving force controlling apparatus for a vehicle as
claimed 1n claim 6, wherein the second switching section
includes a first mnput and connected to the target engine
forque setting device to receive the target engine torque Ic,
a second mput and connected to the first input end of the first
switching section, and an output end connected to the second
input end of the first switching section.

8. A driving force controlling apparatus for a vehicle as
claimed 1n claim 7, wherein the first switching section 1s
installed 1n an engine controller and the second switching
section 1s installed m a TCS controller and both of the
switching sections are connected to each other.

9. A driving force controlling apparatus for a vehicle as
claimed 1n claim 7, wherein 1n response to the driving force
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control request signal D indicating the logical value of “17,
the output end of the second switching section of 1s con-
nected to the first, input end of the second switching section
and the output end of the first switching section i1s connected
to the second input and thereof.

10. A driving force controlling apparatus for a vehicle s
claimed 1n claim 9, wherein 1n response to the driving force
control request signal D indicating the logical value of “07,
the second input end of the second switching section 1is
connected to the output end of the second switching section
and the first input end of the first switching section 1s driven
to the connected to the output end thereotf.

11. A driving force controlling apparatus for a vehicle as
claimed 1n claim 10, further comprising a VDC controller
that generates a correction signal C related to a vehicular
posture and wherein the target road wheel velocity calcu-
lated section derives and corrects the target road wheel
velocity V, 1n accordance with the correction signal C.

12. A dniving force controlling apparatus for a vehicle,
comprising:

driver’s demanding torque setting means for setting a

torque that a vehicular driver 1s demanding;

slip condition detecting means for detecting a slip con-
dition of vehicular road wheels;

target engine torque setting means for setting a target
engine torque 1 accordance with the slip condition;

driving force control execution determining means for
determining whether the driving force control should
be executed 1n accordance with the slip condition; and

engine output torque determining means for giving a
determination of an output torque developed by an
engine of the vehicle on the basis of the driver’s
demanding torque and the target engine torque, the
target engine torque setting means outputting a value of
the target engine torque to which the driver’s demand-
ing torque 1s assigned when no driving force control 1s
determined to be executed.

13. A driving force controlling method for a vehicle,

comprising:

setting a torque that a vehicular driver 1s demanding;

detecting a slip condition of vehicular road wheels;

setting a target engine torque 1n accordance with the slip
condition;

determining whether the driving force control should be
executed 1n accordance with the slip condition; and
olving a determination of an output torque developed
by an engine of the vehicle on the basis of the driver’s
demanding torque and the target engine torque,
wherein, at the target engine torque setting step, a value
of the target engine torque to which the driver’s
demanding torque 1s assigned i1s outputted when no
driving force control 1s determined to be executed at the
driving force control determining step.
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